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1
SIMULATOR

This invention relates to a sitmulator. More especially, this
invention relates to a simulator having a control area of a
vehicle, which control area i1s for occupation by a person
operating the simulator. The control area may be a cab of a
road vehicle, a cockpit of an aircraft, or a bridge of a ship.

Simulators are well known and in the field of vehicle
simulation, it 1s well known to build a 1:1 scale mock up of
the control area of the vehicle. The control area, for example
the above mentioned cab, a cockpit or bridge, 1s provided
with working controls and instruments. An operator, for
example a driver or a pilot, 1s able to provide an input via the
controls. The input 1s sensed by electronic or mechanical
means, and the data 1s sent to a host computer of the
simulator for processing. The results of the processing,
together with other data relevant to the simulation, are then
fed to the instruments in the control area. The mnstruments
may be completely unmodified, real-vehicle instruments, or
the mstruments may be especially adapted or constructed for
the simulator. However, the instruments are adapted or
constructed, they will resemble their real-world counterparts
as closely as possible. In this way, a highly realistic simu-
lation of the real-vehicle control area 1s achieved.

Since vehicles such for example as road vehicles, aircratt
or ships have windows through which the operator views the
world, 1t 1s also required to simulate this out of the window
view. A common solution to this requirement 1s to build a
large display system around the outside of the control area
of the simulator. Such display systems with a large field of
view, high resolution, full colour and adequate brightness
are now well known. The 1image that the display systems
provide of a computer-generated simulated world falls short
of reality 1n many respects. Nevertheless, the display sys-
tems have been useful 1n operator training and 1n research.
Still further, the performance of the display systems contin-
ues to 1improve.

In some circumstances, the large size of the known
simulators and the display systems around the outside of the
control area 1s a serious disadvantage. Another alternative
approach 1s to build a very small display system that mounts
on the operator’s head, or on headwear worn by the operator.
The headwear 1s usually 1n the form of a helmet. Such small
display systems do not require large buildings and support
facilities, and the small display systems are easily transport-
able. A moderate imstantancous field of view 1s steered
around a large field of regard by the operator’s head move-
ments, such that an out of the window 1mage 1s available
wherever the operator looks. A display device 1s imaged by
a set of optics mto the operator’s eye. The display device
was originally a cathode ray tube but, more recently, the
display device 1s usually some variety of a flat panel such for
example as a liquid crystal device. One display per eye 1s
usually necessary. Scanning lasers may also be used as an
image source mstead of flat panels.

Providing such displays with adequate field of view and
resolution, whilst keeping mass and rotational inertia on the
headwear within comfortable limaits, has proven beyond the
state of the art. The need to see the control area through the
display makes the optical design more diflicult and 1s a
severe constraint on achievable field of view. The require-
ment not to see the simulated outside world through the
control area, other than through the windows, makes greater
demands on the image generator computer and head position
sensing system.

In addition to shortcomings in out of the window displays,
the use of a simulated control area such as a simulated
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vehicle cab or aircraft cockpit, limits the transportability and
utility of the simulator. High fidelity duplication of the
control area 1s costly, and so limits the numbers of simula-
tors available. However, the demand for simulators, 1n terms
of numbers and capability, continues to grow. Immediate
pre-mission rehearsal and terrain familianty training is an
example of a growing modern need. Such circumstances,
where time 1s short and space 1s limited, nevertheless require
several simulators to be available simultaneously.

It 1s an aim of the present invention to reduce the cost and
increase the availability of vehicle simulators, whilst also
providing a high quality out of the window display.

Accordingly, 1n one non-limiting embodiment of the
present invention there 1s provided a vehicle simulator
comprising;

(1) a real-world vehicle whose controls and instruments
are dual-mode such that they can be switched between
normal operation and simulated operation;

(1) a retro-reflecting screen which 1s deployed around and
outside windows of a control area of the vehicle, which
control area 1s for a person operating the simulator;

(111) an 1mage projector for being mounted on a head or
headwear of the operator;

(1v) a head position and orientation system mounted on
the head or the headwear of the operator;

(v) a stmulator host computer that receives iformation
from controls of the vehicle and sends information to the
controls and to instruments of the vehicle when the vehicle
1s 1n a simulation mode; and

(v1) an 1mage generator computer that receives data from
the simulator host computer regarding the vehicle’s simu-
lated position and orientation and that also receives data
from the head position and ornentation sensing system
regarding the operator’s head position and orientation, and
that sends a computed 1mage to the image projector.

The simulator may be one 1n which the real-world vehicle
1s a road vehicle, 1n which the operator 1s a driver, and 1n
which the control area 1s a cab of the road vehicle. Alter-
natively, the simulator may be one 1n which the real-world
vehicle 1s an aircrait, 1n which the operator 1s a pilot, and in
which the control area 1s a cockpit of the aircrait. In this
case, the simulator may be installed 1n an aircrait hanger 1f
desired. Still further, the simulator may be one 1n which the
real-world vehicle 1s a ship or a boat, 1n which the operator
1s a pilot, and in which the control area 1s a bridge or a

cockpit of the ship or boat.

Simulators other than the above mentioned simulators
may be employed 1f desired. The simulators may be utilised
for any suitable and appropriate purpose.

The simulator may be one in which the image projector
has a small exit pupil such that 1ts depth of field at various
distances from the retro-retlecting screen 1s suilicient to
prevent de-focus of the picture as the operator looks around.

In an alternative embodiment of the simulator, the 1mage
projector may include an auto-focus mechanism for main-
taining focus as the projection distances varies.

The simulator may be one 1n which the projector 1s a small
high-resolution flat panel display projector. The projector
may alternatively be a laser-based projector. Other types of
projector may also be employed.

An embodiment of the mvention will now be described
solely by way of example and with reference to the accom-
panying drawings in which:

FIG. 1 shows a simulator of the present invention, the
simulator being 1n the form of an aircraft simulator;
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FIG. 2 shows 1n more detail part of the simulator shown
in FIG. 1, which part comprises a pilot’s helmet with
attached projector and position sensor; and

FIG. 3 shows 1n more detail the projector part of the
apparatus shown 1n FIG. 2.

Referring to FIG. 1, there 1s shown a front portion of a
tully functional real-world aircraft 1 in 1ts hanger 2. The
hanger 2 may be on land or on a ship. The walls, floor and
ceiling of the hanger 2 have been coated with retro-reflective
material 3, thereby forming a retro-reflecting screen. Aircraift
avionics 4 communicate 1n theiwr usual way with aircrait
istruments 3 and pilot controls 6. In simulation mode, the
aircraft avionics 4 also communicate with a simulator host
computer 7. The host computer 7 receives information from
the aircrait avionics 4 about the position of controls and
switches 1n response to pilot input. The host computer 7 also
transmits to the aircrait avionics 4 information about the
simulated external world for display on the aircrait instru-
ments 5, and for force feedback to the pilot controls 6.

The host computer 7 also provides an 1image generator
computer 8 with the information necessary to generate an
image of the simulated outside world for display to the pilot
by an 1mage projector 9 which 1s mounted on a helmet 10 of
the pilot. A head position and orientation system shown as
a position and orientation sensor 11 1s also mounted on the
helmet 10 and provides the image generator computer 8 with
the information needed to ensure that the 1image provided to
the projector 9 1s appropriate to the pilot’s look direction and
also preferably to the pilot’s head position.

The host computer 7 may also communicate with other
simulation host computers or with a central control com-
puter such that several such visual simulators may cooperate
in team training, or multi-ship missionary rehearsal, or
engage simulated foes.

In conventional vehicle simulators with a mock control
area such for example as a cab or a cockpit, a motion system
may be provided to move and tilt the control area in response
to operator control mput and simulated external influences
such for example as turbulence. In the simulator of the
present invention and shown 1n FIG. 1, the simulator uses
the real vehicle 1 the form of the aircrait 1 in a normal
parking location. This means that the known motion systems
will not 1n general be possible to be used. However, the
fidelity of motion simulation 1n conventional simulators 1s
quite limited. Small amplitude, high frequency motion cues
may be provided, as may onset cues for lower frequencies.
Sustained force cues are not available. Thus in many vehicle
simulation applications, motion simulation 1s not provided
because its fidelity 1s not adequate. This 1s particularly the
case for fast jet simulation where the primary real-world
cllects are sustained high accelerations. Thus the lack of
motion in the simulator of the present mvention 1s not a
significant disadvantage.

The retro-reflective coating 3 which 1s applied to the
walls, floor and ceiling of the hanger 2 may be 1n the form
ol a paint or a sheet material. The gain of the retro-reflective
coating 3, that 1s the reflectivity of the retro-reflective
coating 3 relative to an 1deal diffuse reflector, will preferably
be 1n the order of 100. Preferably, this gain will be insen-
sitive to the angle of incidence of the light from the image
projector 9. Thus, an 1mage of adequate brightness may be
seen by the pilot, with only a modest light output from the
image projector 9. Where light from the 1mage projector 9
talls on other structures, including parts of the cockpit, the
brightness on the surfaces will be low and easily 1gnored,
since their gain will be so much less than the retro-retlective
surface 3. The 1mage generator computer 8 1s no longer
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required to calculate a real-time opaque mask to prevent the
simulated outside world appearing to overlay the aircrait 1.
It will not be possible 1n general to cover the entire tfloor of
the hanger 2 with the retro-reflective coating 3, since 1t 1s
likely to be damaged by movements of the aircrait 1.
However, the areca immediately underneath the aircraft 1 1s
not visible to the pilot anyway, and other arecas may be
covered with removable matenal 1f required.

If the separation between the image projector 9 and the
pilot’s eyes 1s small compared to the distance to the retro-
reflective coating 3, then the picture projected will appear
substantially geometrically correct, that 1s without distor-
tion, whatever the shape of the surface supporting the
retro-reflective coating 3, or the pilot’s head position. It the
separation between the image projector 9 and the pilot’s
eyes should be large enough for distortion to be visible and
objectionable, then, since the pilot’s head position and
orientation 1s known through the position and orientation
sensor 11, the simpler terms of the distortion function may
be dynamically corrected in digital hardware. However,
such correction 1s unlikely to be able to correct for sudden
discontinuities, for example however such as where wall
meets tloor 1n the hanger 2. In addition, since there will be
a finite time between pilot head movement, that movement
being sensed by the position and orientation sensor 11, that
data being recerved by the image generator 8, and a new
image being calculated and finally projected by the image
projector 9, dynamic offset correction will be necessary for
the picture, 1n order that it appears stable to the pilot. Such
correction may require a prediction algorithm based on
known pilot head dynamics.

Preferably, the projector 9 will have a small exit pupil,
such that 1ts depth of field at the various distances of the
retro-reflecting surface 3 will be suflicient to prevent de-
focus of the picture as the pilot looks around. Alternatively,
the 1mage projector 9 may incorporate an auto-focus mecha-
nism, using one of several known methods, to maintain
focus as the projection distance varies. Focus at the centre of
the projected picture would take priority, as this 1s where the
pilot needs best resolution 1n general. Because of the scale
of the real-world aircraft 1 and its hanger, the picture
appearing on the retro-reflective material 3 1s likely to be
several meters away from the pilot. Thus the pilot’s eye
focus (accommodation) will be fairly natural, focusing close
on cockpit mstruments and distantly on the simulated out-
side world scene. Preferably, the wall 1n front of the aircraft
1 will be sufliciently distanced for the aircrait’s head-up-
display to be used without significant error or eye strain.
Similarly, the retro-reflecting material 3 should be sufli-
ciently distance that any helmet-mounted sights and night
vision goggles may be used without apparent de-focus.

Referring now to FIG. 2, there 1s shown 1in more detail, the
pilot’s head mounted display. More specifically, FIG. 2
shows a pilot’s helmet 21 provides a mounting platform for
a small projector 22 and a position sensor 23. An umbilical
cable 24 delivers power to the projector 22 and the position
sensor 23. The umbilical cable 24 also carries signals
between the projector 22, the position sensor 23, and the
image generator computer. The umbailical cable 24 may also
carry illuminating light for the projector 2, so that the mass
and bulk of the light source need not be carried on the helmet
21. Preferably, the projector 22, the position sensor 23 and
the umbailical cable 24 are provided with quick-detach
fittings so that they may easily be attached or be removed
from the helmet 22. Preferably, the helmet 22 1s the pilot’s
own helmet. A connection point for the other end of the



Us 7,200,536 B2

S

umbilical cable 24 will be provided 1n the cockpit of the
aircraft 1, but only used during the simulation mode.

Referring now to FIG. 3, there 1s shown 1n more detail the

construction of the projector 22 shown 1n FIG. 2. As shown
in FIG. 3, the projector 22 preferably comprises a small
high-resolution flat panel display 25 operating in transmis-
sion mode, 1lluminated by an area illuminator 26 and pro-
jected by a lens 27. The area illuminator 26 may be a light
source 1n 1ts own right, or 1t may be a receiver-diffuser for
light delivered along a light-guide in the umbailical cable 24.
Because the pilot’s head movements are rapid, and the
projected picture will subtend a considerable of field of view
at the pilot’s eye, field-sequential operation to achieve
colour 1s not appropnate. Line-sequential operation would

be acceptable, as would multi-line operation, where the
number of lines does not exceed a few percent of the total
lines per field. Alternatively, other known methods of
achieving colour may be used. Preferably, the projection
lens 27 1s a colour-corrected multi-element lens with a
non-linear mapping function, such that projected pixel size
1s least 1n the centre of the picture and increases towards the
edge. Thus, the distribution of resolution in the projected
picture 1s matched more closely to the distribution of reso-
lution 1n the pilot’s eye, making best use of the finite number
of pixels on the flat panel display 25. The advent of small
high-resolution flat panel displays means that the projector
22 can be made small enough not to significantly restrict
pilot head movement within the cockpit canopy, and light
enough not to significantly increase pilot head loading 1n
terms of weight, balance and rotational inertias, thus ensur-
ing a comiortable and secure helmet fit.

It 1s to be appreciated that the embodiment of the inven-
tion described above with reference to the accompanying
drawings has been given by way of example only and that
modifications may be effected. Thus, for example, the retro-
reflecting surface 3 may be 1n the form of a tent or a rigid
enclosure placed around the cockpit. There may be two
projectors per helmet, providing a binocular stereo display.
More than one pilot within an aircraft may share the retro-
reflecting surface provided by the retro-reflective coating 3.
More than one aircrait with the hanger may share the
retro-reflecting surface provided by the retro-retlective coat-
ing 3 on the hanger sides. Other types of image projector,
such as those based on lasers, may be used. The image
projector may contain two flat panel displays, one for a
central higher resolution mset and one for a lower resolution
background. Vehicle simulators may be networked together.

10

15

20

25

30

35

40

45

6

The mnvention claimed 1s:

1. A vehicle simulator comprising:

(1) a real-world vehicle whose controls and nstruments
are dual-mode such that they can be switched between
normal operation and simulated operation;

(1) a retro-reflecting screen which 1s deployed around and
outside windows of a control area of the vehicle, which
control area 1s for a person operating the simulator;

(111) an 1mage projector for being mounted on a head or
headwear of the operator;

(1v) a head position and orientation system mounted on
the head or the headwear of the operator;

(v) a simulator host computer that receives information
from controls of the vehicle and sends information to
the controls and to instruments of the vehicle when the
vehicle 1s 1n a simulation mode; and

(v1) an 1mage generator computer that receives data from
the simulator host computer regarding the vehicle’s
simulated position and orientation and that also
receives data from the head position and orientation
sensing system regarding the operator’s head position
and orientation, and that sends a computed 1image to the
image projector.

2. A vehicle simulator according to claim 1 in which the
real-world vehicle 1s a road vehicle, in which the operator 1s
a driver, and 1in which the control area 1s a cab of the road
vehicle.

3. A vehicle simulator according to claim 1 1n which the
real-world vehicle 1s an aircraft, in which the operator 1s a
pilot, and 1 which the control area i1s a cockpit of the
aircrait.

4. A simulator according to claim 3 1n which the simulator
1s 1nstalled 1n an aircraft hanger.

5. A simulator according to claim 1 1n which the real-
world vehicle 1s a ship or a boat, 1n which the operator 1s a
pilot, and in which the control area 1s a bridge or cockpit of
the ship or boat.

6. A simulator according to claim 1 1n which the 1mage
projector has a small exit pupil such that its depth of field at
various distances from the retro-reflecting screen 1s suili-
cient to prevent de-focus of the picture as the operator looks
around.

7. A simulator according to claim 1 1n which the image
projector includes an auto-focus mechanism for maintaining
focus as the projection distance varies.

8. A simulator according to claim 1 1n which the projector
1s a small high-resolution flat panel display projector.
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